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Abstract— This study examined the impact of cooking, Co-60 gamma irradiation (5 kGy and 10 kGy) and 
combined irradiation (10 kGy) and cooking treatments on the amino acid profile and physicochemical 
properties of African locust bean (Parkia biglobosa) seeds, as well as the quality of the seed oil. The treated 


and untreated (control) seeds were mechanically dehulled and milled into flour using an attrition mill, and 
subsequently analysed for chemical composition, amino acid profile, functional properties and quality of the = tea Gee 
seed oil. The results showed a significant increase in the fat content (p < 0.05) after cooking and post- m]. Ta 
irradiation cooking treatments. The cooked seed samples recorded a 3.84% increase in total mineral content 

although there was a loss in the total percentage minerals after combined irradiation and cooking which QO) 
could be linked to leaching of soluble minerals into cooking water. The 10 kGy irradiation dose improved 

the total essential amino acids present in the seed possibly due to the lyses of adherrent microflora. 

Percentage cysteine was highest in the 5 kGy irradiated seed sample with about 4.8% increase compared to 

control. There was a 92.6% loss in foaming capacity of the seed flour as a result of processing; however, 5 

kGy irradiated sample recorded only about 26% loss in the foaming capacity. The anti-nutrients were 

significantly reduced by cooking, irradiation, post-irradiation cooking up to about 60%, 40%, 26.7% and 

60% for cooked, 5 kGy irradiated, 10 kGy irradiated and post-irradiated cooked samples, respectively. 

Tannin content was not significantly affected (p <0.05) by the irradiation treatments; it was however reduced 

significantly by post-irradiation cooking. The 5 kGy and 10 kGy doses did not significantly affect iodine 

value of the oil sample. There was however an increase in iodine value as a result of cooking and post- 

irradiation cooking with values as high as 163.53 g l2 and 182.77 g Iz per 100g, respectively. Overall, it 

could be concluded that medium dose gamma irradiation did not negatively affect the quality of the African 

locust bean seed, which is desirable for elongation of storage life of the seed. 


Keywords— Gamma irradiation, Cooking, Locust bean seed, Physicochemical properties, Oil quality. 


I. INTRODUCTION led to wider exploration and upgrading of traditional foods 
which hitherto were consumed at the basic subsistence level 
(Enujiugha, 2000; Oguntimehin et al., 2023). Different 
techniques are employed to preserve such seeds, one of 


The quest for greater value-addition, improved aesthetics 
and elongation of shelf-life of unconventional and wild 


uncultivated forest seeds with high nutrient potentials has 
which is food irradiation that involves exposure of food to 
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a controlled source of ionizing radiation with a view to 
reducing microbial load, extending product shelf life, and 
disinfesting agricultural produce (Enujiugha, et al., 2012; 
2023a; Oyinloye et al., 2023). Food irradiation is a more 
reliable and safer technique of preserving food and 
improving the nutritional value (Diehl, 2002; Al-Kaisey et 
al., 2002). Three types of radiation are applicable for use in 
food preservation: gamma rays, X-rays and rays from high 
energy electron beams (James, 2006). Gamma irradiation, 
also known as cold pasteurization, is a technique of food 
preservation that has been proven to prevent insect 
infestation in food products during storage and also deter 
food contamination by microorganisms (Farkas, 1990). 
Combining low-dose gamma irradiation with cooking in 
food processing and preservation is a hurdle strategy that 
allows effective processing while minimizing the severity 
of treatment (Enujiugha et al., 2012). To maximize the 
effectiveness of combined treatment, mild irradiation 
between | and 10 kGy is proposed as best (Campbell-Platt 
and Grandson, 1990). The use of cooking and y-irradiation 
as forms of preservation are both proven technologies and 
the effectiveness of both could be maximized if they are 
combined in a hurdle effect (Olotu et al., 2014a,b). 


The main drive in the application of hurdle technology, and 
in this case, combination of low dose gamma irradiation 
with cooking, has been the prevalent food safety concerns 
and low shelf life of our indigenous foods. Fagbemi et al. 
(2023) observed the high microbial density in selected 
indigenous foods available for direct human consumption in 
a typical urban neighbourhood in sub-Saharan Africa, 
which is a public health concern when the huge numbers of 
consuming populations are considered. It is widely believed 
that irradiation of agricultural produce at low doses, before 
storage and processing, could reduce the normally-high 
incidence of microbial infestation and curtail the occurrence 
of disease-causing pathogenic 
Combination of this preservation technique with other 
treatments like cooking in a hurdle effect would ensure 
effectiveness without adversely affecting the innate 
nutrients. 


micro-organisms. 


Low income earners in developing countries like Nigeria 
can hardly afford animal products, such as milk, meat, fish 
and eggs, which are rich sources of protein. In these areas, 
staple diets consist mainly of cereal grains or starchy root 
and tuber crops thus leading to various health problems 
associated with protein and vitamin/mineral deficiencies 
(Enujiugha, 2020). This has led to various researches being 
directed towards the utilization of plant protein sources in 
the form of nuts, oilseeds and legumes to tackle the 
prevailing protein-energy malnutrition ravaging many parts 
of less-developed nations (Enujiugha and Ayodele-Oni, 
2003; Enujiugha et al., 2023b; Talabi et al., 2023). In the 
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exploration of plant protein and vitamin substitutes, the 
African locust bean (Parkia biglobosa) has become very 
popular especially in the fermented ‘Dawadawa’ and ‘iru’ 
forms, which are commonly-derived products from the 
seeds (Enujiugha, 2009; Gernah et al., 2007). Dawadawa or 
iru (fermented Parkia biglobosa seeds) is used for 
seasoning of traditional soups in all parts of Nigeria and 
indeed the West Coast of Africa (Enujiugha et al., 2006). 
The sticky, sour solid contains sufficient amounts of 
protein, vitamins, energy (Oyedokun et al., 2016; 2020) and 
has appreciable shelf life even without refrigeration. 
Combined irradiation and cooking treatments could further 
extend the shelf life but have also been shown to effect 
various changes in the physical, chemical and functional 
properties of foods (Olotu et al., 2014a). This study 
examined the effect of combined low-dose gamma 
irradiation and post-irradiation cooking on the functional 
and physicochemical properties of African locust bean seed 
and its oil quality characteristics, in comparison to single 
irradiation and cooking treatments. This was with a view to 
highlighting the potentials of such hurdle treatments in the 
preservation of the nutrient potentials of the seeds while at 
the same time achieving the twin functions of disinfestation 
and processing. 


Il. MATERIALS AND METHODS 
Material Procurement and Preparation 


Wholesome African locust bean seeds (Parkia biglobosa) 
were obtained from a local market (Oja Oba), in Akure, 
Ondo State of Nigeria. Upon reception, the seeds were 
visually inspected and defective ones were discarded. The 
seeds were then kept in air tight polyethylene containers in 
a dry and cool environment until ready for use. All the 
chemicals and reagents used in the study were of analytical 
grade. The raw grains were treated at room temperature with 
gamma rays at doses of 5 and 10 kGy using a multipurpose 
gamma irradiator with a cobalt 60 source (compact-type 
commercial radiator) at the Shedan Science and Technology 
Complex (SHESTCO), Abuja Nigeria (Oyinloye et al., 
2023). Raw untreated locust bean seeds served as control in 
the experiment. The 5 kGy sample was milled immediately 
while the 10 kGy irradiated sample was divided into two 
parts; a part was milled while the other part and half part of 
the raw (uncooked and un-irradiated) samples were 
subjected to hydrothermal treatment in the proportion of 1:3 
(seed to water ratio) for 6 h at 100 °C. The samples were 
placed in aluminum trays and dried with forced circulation 
of air at 50-55 °C until constant weight (approximately 24 
h). 
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Determination of Proximate chemical composition 


Quantitative composition was determined on each of the 
flour samples using the following analytical methods: 
Moisture content using the air oven method at 105 °C until 
constant weight was achieved (AOAC, 2012); crude protein 
using the micro-Kjeldahl apparatus (AOAC, 2012); crude 
fat extracted overnight in a Soxhlet extractor with n-hexane 
and quantified gravimetrically; crude ash via exhaustive 
combustion in a Muffle furnace at 550 °C for 8 h (AOAC, 
2012); crude fibre estimated after digesting known weights 
of fat-free samples in refluxing 1.25% sulphuric acid and 
1.25% sodium hydroxide; and carbohydrate determined by 
difference method (subtracting the percent crude protein, 
crude fibre, crude fat, and ash from 100% dry matter). All 
analyses were carried out in triplicates. The gross energy 
was calculated based on the formula reported by Enujiugha 
and Ayodele-Oni (2003). 


Mineral analysis 


Analysis of sodium and potassium contents of the samples 
was carried out using flame photometer, while phosphorus 
was determined colourimetrically by the phosphovanado- 
molybdate (yellow) method (AOAC, 2012). The other 
elemental concentrations were determined after wet 
digestion of sample ash with a mixture of nitric and 
perchloric acids (1:1 v/v), using atomic absorption 
Spectrophotometer (AAS, Buck Model 20A, Buck 
Scientific, East Norwalk, CT06855, USA). All the 
determinations were carried out in triplicates. 


Determination of Amino Acids Profile 


The amino acids profile in the sample was determined using 
the method of Olotu et al. (2014b), with slight 
modifications. The samples were dried to constant weight, 
exhaustively defatted, acid-hydrolyzed (or alkaline 
hydrolyzed, in the case of tryptophan), evaporated in a 
rotatory evaporator and loaded into the technicon sequential 
multi sample amino acid analyzer (TSM). Briefly, a known 
weight of sample powder was weighed into extraction 
thimble and any remaining fat was extracted with 
chloroform/methanol (2:1) using Soxhlet extraction 
apparatus as described by AOAC (2012); the extraction 
lasted for 15 hours. A known weight of the defatted sample 
was then weighed into glass ampoule. Exactly 7 ml of 6N 
HCL (or 6N KOH) was added and oxygen was expelled by 
passing nitrogen into the ampoule in order to avoid possible 
oxidation of some amino acids during hydrolysis e.g. 
methionine and cysteine. The glass ampoule was then 
sealed with Bunsen burner flame and put in an oven preset 
at 105 +5 °C for 22 hours. The ampoule was allowed to cool 
before broken open at the tip arid the content was filtered to 
remove the remains. The filtrate was evaporated to dryness 
at 40 °C under vacuum in a rotator evaporator. The residue 
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was dissolved with 5 ml of acetate buffer (pH 2.0) and 
stored in plastic specimen bottles, which were kept in the 
freezer. The amount of hydrolysate loaded into the TSM 
analyser was between 5 to 10 microliters. This was 
dispensed into the cartridge of the analyzer. The TSM 
analyser is designed to separate and analyze free acidic, 
neutral and basic amino acid of the hydrolysate. The period 
of an analysis lasted for 76 minutes. All determinations 
were carried out in triplicates. 


Determination of functional properties 


The determination of water and oil absorption capacities 
followed a modification of the method of Prinyawiwatkul et 
al. (1999). Each flour sample (5 g) was thoroughly mixed, 
without pH adjustment with 25 ml of deionized water or oil 
in 50 ml centrifuge tubes. Suspensions were stirred 
intermittently over a 30 min period at room temperature 
(28+2 °C) and then centrifuged at 12,000 x g for 30 min at 
25 °C. The volume of decanted supernatant was centrifuged 
and the water and oil absorption capacities were calculated. 
Triplicate samples were analyzed for each flour sample 
category. 


Least gelation concentration was carried out as described by 
Enujiugha and Akanbi (2005). Triplicate suspension of 1- 
20% seed flour sample (dry w/v at 1% increment) were 
prepared in 10 ml of deionized water and mixed thoroughly 
without pH adjustment. The slurries were heated in 125 x 
20 mm screw-capped test tubes in a water bath with in-built 
magnetic stirrer (Julabo Model SW22, Julabo Labortechnik 
GMBH, Seelbatch, Germany) at 95 + 2 °C. After 1 h of 
heating, tubes were immediately cooled in tap water for 30 
s and then in ice water for 5mins to accelerate gel formation. 
All tubes were then held at 4 °C for 3 h. The least gelation 
concentration (%) was determined as the concentration 
above which the sample remained in the bottom of the 
inverted tube. 


The foaming properties of the samples were determined 
using the method of Coffmann and Garcia (1977), with 
slight modifications. Two grams (2 g) of the sample was 
weighed into 60 ml distilled water in a 100 ml cylinder. 
Solid material was dispersed with spatula and the 
suspension was whipped for 5 min using ultra-Turax T25 
mixer at high speed. Volumes before and after whipping 
were noted and volume increase due to whipping was 
calculated. The volume of foam in the standing cylinder was 
also recorded for foam stability at 1, 5, 10, 20, 30, 60, 90, 
120 and 180 min after whipping. The results were expressed 
in percentages (g/g basis). 


Emulsifying properties were determined with a slight 
modification of the method described by Ige et al., (1984). 
A known quantity (1.8 g) of sample was dispersed in 25 ml 
distilled water and 25ml vegetable oil (pure groundnut oil) 
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was added. The 50 ml mixture was emulsified at high speed 
using ultra-Turax T25 mixer for 1 min. emulsion was filled 
into centrifuge tubes and centrifuged for 5 min at 1,300 x 6 
rpm. Percentage emulsion was then expressed as: 


% Emulsion = 100 x/y 
Where x = height of emulsified layer 
y = height of whole solution in centrifuge tube. 
The results were expressed in percentages (g/g basis). 
Determination of anti-nutritional factors 


The modified method of Reddy et al., (1982) was used for 
phytic acid and phytate-phospphorus determinations. Phytic 
acid was extracted from each 3 g flour sample with 3% 
trichloroacetic acid by shaking at room temperature 
followed by high-speed centrifugation (30,000 x g for 5 
min), the phytic acid in the supernatant was precipitated as 
ferric phytate and iron in the sample was estimated. Phytate- 
phosphorus (phytate-P) was calculated from the iron results 
assuming a 4:6 iron: phosphorous molecular ratio (AOAC, 
2012). The phytic acid was estimated by multiplying the 
amount of phytate-phosphorous by the factor 3.55 based on 
the empirical formula CePsO24Higs (Enujiugha and 
Olagundoye, 2001). 


Tannin contents were determined by the modified vanillin- 
HCI method (Price et al., 1978). A 2 g sample was extracted 
with 50 ml 99.9% methanol for 20 min at room temperature 
with constant agitation. After centrifugation for 10 min at 
653 x g, 5 ml of vanillin-HCl (2% vanillin, 1% HCl) reagent 
was added to | ml aliquots and the colour developed after 
20 min at room temperature was read at 500 nm. Correction 
for interference by natural pigments in the sample was 
achieved by subjecting the extract to the conditions of the 
reaction but without vanillin reagent. A standard curve was 
prepared using catechin (Sigma Chemical, St. Louis, MO) 
after correcting for blank, and tannin concentration was 
expressed in mg/g. 


Determination of oxalate was by the AOAC (2012) method. 
One gram (1 g) of finely ground sample was dissolved in 75 
ml of 1.5 N H2SOg. The solution was carefully stirred 
intermittently with a magnetic stirrer for about Ihr and 
filtered using Whatman no. filter paper. A 25 ml sample of 
the filtrate (extract) was collected and titrated hot (80-90 °C) 
against 0.1 N KMnO; solution to the point when a faint pink 
colour appeared that persisted for at least 30 s. The 
concentration of the oxalate in each sample got from the 
calculation: 1 ml 0.1 N permanganate = 0.006303 g oxalate. 
All procedures were carried out in triplicates. 
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Determination of seed oil characteristics 


The seed oils of the samples were extracted using Soxhlet 
apparatus (Talabi and Enujiugha, 2014) and the rancidity 
indices (peroxide value, saponification value, iodine value, 
free fatty acids content and acid value) were determined 
according to the standard methods of AOAC (2012). The 
peroxide values were expressed as miliequivalents of 
peroxide oxygen per kg of sample (mEq/kg) while the free 
fatty acids were expressed as g oleic acid per 100 g of 
sample (g/100 g). The acid value was expressed as mg 
NaOH per g of sample (mg NaOH/g). The saponification 
value was expressed as mg KOH per g of sample (mg 
KOH/g). Iodine value was determined by the AOAC (2012) 
method using Wij’s iodine solution. 


Statistical analysis 


Data collected from the study were subjected to one-way 
analysis of variance (ANOVA). Differences among means 
were separated using Duncan’s new multiple range test, and 
significances were accepted at 5% confidence level (P < 
0.05). The statistical software used was SPSS 16.0 for 
windows. 


Il. RESULTS AND DISCUSSION 
Proximate Composition of Parkia biglobosa 


Table 1 shows the effects of gamma radiation on the 
proximate compositions of raw and cooked Parkia 
biglobosa seeds. There was an increase in the fat content of 
the cooked seeds after irradiation. This may be due to the 
rupture of oil cells in the seed skin. Badiani et al. (2002) 
reported that most nutrients increased their concentration as 
a consequence of moisture loss through cooking. The 
protein content of the cooked seeds was reduced by 2.9% 
from the raw. This is in line with the report of Attia et al. 
(1994) who observed a reduction in protein contents after 
cooking chickpea. There was also a slight decrease in the 
protein content of seed samples upon irradiation. This might 
be due to damage on sulphur-containing amino acids. The 
most radiation sensitive amino acids are those that contain 
sulphur, notably cysteine, methionine and tryptophan. 
Desulphurization is one of the principal effects of ionizing 
radiation on amino acids and proteins (Singh et al., 1991). 
The single and combined irradiation and cooking treatments 
did not significantly (p > 0.05) affect the ash, fibre and 
carbohydrate contents of the locust bean seeds. 
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Table 1: Proximate composition of raw and treated Parkia biglobosa seeds 


Parameters (g/100g) Raw Cooked 5 kGy 10 kGy 10 kGy Irradiated 
Irradiated Irradiated and cooked 
Moisture Content 4.59°+0.13 4.50*+0.24 4.53°+0.09 4.57°+0.10 4.62°+0.12 
Ash content 6.18°+0.02 5.97°+0.03 5.89°+0.03 5.75°+0.02 5.76°+0.04 
Total fat/oil 33.92>40.12 34.06°°40.10  33.55°40.11 33.87°40.09 34.04°+0.12 
Crude Fibre content 5.57°+0.02 5.24°+0.01 5.82°+0.02 5.60°+0.02 5.71°+0.02 
Crude protein 32.82°+0.14 31.88°40.12  32.73°+0.13 32.48°+0.13 32.22%+0.12 
Carbohydrate content 20.45°+0.32 20.56°+0.24 = 21.57°+0.29 21.47°+0.26 21.41°+0.42 
Gross Energy (KJ 100g! DM) 2168.393 2212.59 2171.645 2165.8 2250.559 


*Values are means of triplicate determinations (n=3) + standard deviation. Values along same row with the same letters in 


superscript are not significantly different (p>0.05). 


Table 2: Amino acid composition of raw and treated P. biglobosa seeds 


Parameters Raw Cooked Irradiated(10kGy) Irradiated+Cooked 
Lysine* 3.54°+0.01 3.60°40.02 3.76°+0.01 3.197+0.04 
Histidine* 2.29°+0.12 2.54°+0.02 2.57°+0.03 2.07°+0.02 
Arginine* 10.03°+0.04 10.04>+0.03 10.30°+0.03 9.36°+0.22 
Asparagine 10.60°+0.03 10.15°+0.04 10.59°+0.02 10.28>+0.14 
Threonine* 3.27°+0.02 3.00°40.02 3.27°+0.01 3.27°+0.02 
Serine 2.91°+0.12 2.55°+0.03 3.05*+0.02 2.54°+0.03 
Gluthamine 16.20°+0.04 14.14°+0.21 15.14°+0.30 13.24°+0.02 
Proline 3.29°+0.02 4.14°+0.02 4.46°+0.01 2.97°+0.01 
Glycine 4.69°+1.02 4.52°+0.13 5.01°+0.13 4.17°+0.20 
Alanine 3.94°+0.03 3.90°+0.72 4.05°+0.42 3.59%+1.33 
Cysteine* 1.65°+0.22 1.69°40.66 1.72°+0.92 1.39°+0.12 
Valine* 3.83°+0.14 5.08°+0.13 5.00°+0.34 3.60°+0.87 
Methionine* 1.41°+0.26 1.30°+0.01 1.38°40.12 1.20°+0.01 
Isoleucine* 3.95°+40.03 3.83°+0.05 4.14°+0.03 3.39°+0.18 
Leucine* 6.05*+0.01 5.66°+0.01 5.85°+0.01 5.02°+0.01 
Tyrosine* 1.61°+0.00 2.74°40.02 2.90°+0.04 2.25°+0.02 
Phenyalanine* 4.56°+0.02 4.31°+0.18 4.65°+0.14 3.97°+0.06 
Tryptophan 2.10*+0.05 1.97°+0.02 2.08°+0.07 1.95°+0.01 


*Values are means of triplicate determinations (n=3) + standard deviation. Values along same row with the same letters in 


superscript are not significantly different (p>0.05). 


Effects of processing on the amino acid profile of Parkia 
biglobosa 

Table 2 presents the results of the effect of processing 
(cooking, irradiation and a combination of both) on the 
amino acids composition of Parkia biglobosa seeds. Amino 
acids are needed for the synthesis of most body tissues, 
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enzymes, hormones and other metabolic molecules (Olotu 
et al., 2014b). Glutamate and Aspartate accounted for about 
30% of the amino acids in the sample which is similar to 
amino acid profiles reported previously in some oil seeds 
(Olotu et al., 2014b; Igwe et al., 2012). Sulphur-containing 
amino acids (methionine and cysteine) were the least 
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concentrated with values ranging from 1.20 g to 1.41 g and 
1.39 g to 1.72 g, respectively. The reduced concentration of 
methionine could be attributed to the simple amino acids 
undergoing reductive deamination and decarboxylation 
during irradiation (Enujiugha et al., 2023a). Cooking 
significantly (p < 0.05) reduced the amino acid contents 
except for valine which is heat stable. The reductive effects 
of cooking on protein and amino acid compositions of the 
seeds may be attributed to Amadori rearrangements that 
may go beyond the deoxy-ketosyl stage. It may also be due 
to the formation of D-amino acids which results from high 
and prolonged heat treatment (Olaofe et al., 1994). This was 
likely the case because the method used for amino acid 
analysis will only detect L-amino acids from animal and 
plant proteins that do not produce racemisation (Adeyeye et 
al., 2010). Increase in the amino acid concentration of the 
10 kGy irradiated sample was observed with arginine, 
histidine, tyrosine, glycine, lysine, proline, threonine, 
phenylalanine and serine. The increase of alanine, glutamic 
acid, valine, methionine, isoleucine and cystine were 
significant (p > 0.05). The changes in the concentration of 
amino acids induced by irradiation may be due to free 
radicals of the peptide bonds, deamination and 
decarboxylation reactions of amino acids followed by 
chains of chemical reactions forming other new radicals 
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(Bamidele, 2015). This finding is in line with the report of 
Abdel-Ghaffar (2013), who reported an increase in some 
amino acids of soy flour. 


Effect of processing on the mineral composition of 
Parkia biglobosa 


The results of the mineral analysis as shown in Table 3 
indicate that the locust bean seeds were richer in iron and 
potassium after cooking, which could be interpreted as a 
consequence of the probable inactivation of anti-nutrients. 
Sodium was lost in the cooked as well as post-irradiated 
cooked samples. This may be due to its solubility and its 
ability to leach-off in cooking water. It can however be 
stated from the findings that mineral bioavailability can be 
increased with cooking with little impact on the mineral 
constituent of the seed. Zinc was significantly increased in 
cooked as well as 10 kGy irradiated samples 


These minerals act as stabilizers of the structures of 
membranes and cellular components. Zinc is an important 
component of several enzymes and their biochemical 
functions, especially in the synthesis and degradation of 
macromolecules such as carbohydrates, proteins, lipids and 
nucleic acids as well as wound healing (Frossard et al., 
2000). 


Table 3: Mineral composition of raw and treated Parkia biglobosa seeds 


Parameters Raw Cooked 5 kGy Irradiated 10 kGy 10 kGy Irradiated and 
(mg/100g) Irradiated cooked 
Potassium 18.21°+1.65 14.47°+0.65 15.25°40.15 17.30°+0.65 15.57°+0.15 
Sodium 2.88°+40.10 2.68°>+40.07 2.57°40.18 2.54°+0.10 2.18°+0.13 
Calcium 14.68°+0.55 18.30°+1.08 18.17°+0.21 15.86°+1.91 11.184+0.19 
Magnesium 4.61°+0.82 3.49°+0.24 3.40°+40.10 3.60°+0.14 2.85°40.25 

Zinc 4.19°+0.02 5.19°+0.03 4.59°+40.75 6.34°+0.06 4.19°40.59 

Iron 1.46°+0.02 1.73°+0.04 1.42°°40.11 1.24°¢+0.20 1.09°+0.03 
Phosphorus 3.67°°+0.39 5.75°+0.03 4.25°+0.06 4.00°+0.55 3.36°+0.18 


*Values are means of triplicate determinations (n=3) + standard deviation. Values along same row with the same letters in 


superscript are not significantly different (p=0.05). 


Effect of processing on Functional properties 


The effects of cooking, irradiation and combined treatment 
of both on the functional properties of locust bean seeds are 
presented in Table 4. Water absorption capacity (WAC) is 
an important functional property of proteins and is a 
measure of the quality (juiciness, texture, binding of 
structure, appearance and mouth feel) of flour. There was a 
significant decrease in the water absorption capacities of the 
cooked (as a single treatment) sample and the irradiated 
cooked sample compared to the raw. Cooking led to 
significant increase in oil absorption capacity (OAC) of the 
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seed flour. Dissociation and denaturation results in 
increased oil absorption of treated proteins compared to 
native proteins (Siddharaju et al., 2002). This observation is 
consistent with the results of Sosulski et al. (1976) who 
reported similar results using sunflower seeds. 


Cooking significantly reduced the foaming capacity by 
about 92.6%. This finding is in agreement with that reported 
by Yusuf et al. (2008) for Bambara groundnut which was 
attributed to protein denaturation. Irradiation at 10 kGy 
decreased the foaming capacity of the seed flour 
significantly by 25.9%, probably owing to extensive 
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denaturation and protein cross-linking. However, given the 
foaming capacity values in the present study, African locust 
bean seed flour has its foaming capacity compromised by 
all the treatments. The 5 kGy irradiated sample has the 
highest foam stability while the cooked sample has the 
lowest foam stability. This agrees with the findings of Lin 
et al. (1974) which stated that native proteins give higher 
foam stability than denatured protein. 


Significant reduction in least gelation concentration (LGC) 
was observed at 5 kGy gamma irradiation dose (p < 0.05). 
Such a decrease in LGC might be attributed to increased 
interaction of proteins with water (Adebowale and Lawal, 
2004). Improvement in gelation property is beneficial as it 
allows the utility of seed flour in preparation of food 
products like custards, ice creams, sausages and other 
bakery products (Bhat and Sridhar, 2008). The current 
findings are in agreement with results obtained for 
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Pentaclethra macrophylla (Enujiugha et al., 2012) and 
groundnut (Enujiugha et al., 2023a). 


Emulsion capacity denotes the maximum amount of oil that 
can be emulsified by protein dispersion. The high emulsion 
capacity in the present study could be as a result of high 
content of free fatty acids which leads to increased oil 
absorption (Ihekoronye and Ngoddy, 1985). Irradiation at 5 
kGy caused a significant decrease in the emulsion capacity 
of the seed flour accounting for more than 10% loss of 
emulsion capacity. Irradiation at 10 kGy had no significant 
(p<0.05) effect on emulsion capacity of the oil seed flour 
when compared with the non-irradiated (control) samples. 
The decrease in emulsion capacity has been speculated to 
have resulted from changes, such as protein aggregation as 
well as surface hydrophobicity and charge characteristics 
(Cheftel et al., 1985). 


Table 4: Functional properties of raw and processed Parkia biglobosa seeds 


Parameters Raw Cooked 5 kGy 10 kGy 10 kGy Irradiated and 
Irradiated Irradiated cooked 
WAC (ml/g) 380.00°+0.21 360.00*+0.35 360.00°+0.08 380.00°+0.02 360.00*°+0.03 
LGC (m/v) 8.00°+0.01 6.00°+0.02 2.00°+0.03 4.00°+0.01 2.00°+0.02 
OAC (ml/g) 190.00*°+0.03 210.00°+0.02 175.00°+0.02 180.00°+0.01 200.00*°40.02 
FC (%) 45.00°+0.03 3.33°+0.12 33.33°+40.02 25.00°+0.04 6.67441 .23 
EC (%) 380.00°+0.09 360.00°+0.01 340.00°+0.31 380.00°+0.03 360.00°+0.01 


*Values are means of triplicate determinations (n=3) + standard deviation. Values along same row with the same letters in 


superscript are not significantly different (p>0.05). 


WAC = Water absorption capacity; OAC = Oil absorption capacity; LGC = Least gelation concentration; FC = Foaming 


capacity; EC = Emulsion capacity 


Effect of processing on anti-nutritional factors 


The levels of some anti-nutritional components in the raw 
and processed seed flour samples are presented in Table 5. 
Anti-nutritional factors are generally reported to have the 
effect of lowering digestibility and absorption of important 
dietary nutrients. 


Oxalate can have deleterious effects on human nutrition and 
health, particularly by decreasing calcium absorption and 
aiding the formation of kidney stones (Noonan and Savage, 
1999). Cooking has been found effective in the reduction of 
oxalate content in oil seeds (Chai and Liebman, 2005). A 
decrease in the oxalate content was observed in both cooked 
samples. The higher percentage of oxalate reduction occurs 
during boiling and may be due to its solubility in water. 
Boiling may cause skin rupture and facilitate the leakage of 
soluble oxalate from seeds into cooking water (Albihn and 
Savage, 2001). Comparing the different treatments, cooking 
and post-irradiation cooking are to be preferred to 
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irradiation alone in order to keep oxalate intake as low as 
possible. Observations were comparable to the reports of 
Albihn and Savage (2001) and Wanasundera and Ravindran 
(1992). The reduction in oxalate levels on cooking is to 
enhances the bioavailability of essential dietary nutrients of 
the African locust bean seeds 


The results obtained indicate that phytate content decreased 
slightly with treatment. Irradiation alone effectively 
reduced the phytate level in the oil seed by 4.8% compared 
to the control. Decrease in the phytate content in the 
irradiated and cooked sample was as high 24.8%. The 
reduction in phytate content during cooking may be partly 
due to the formation of insoluble complexes between 
phytates and other components, such as phytate-protein and 
phytate-protein-mineral complexes, or to the inositol 
hexaphosphate being hydrolyzed (Siddhuraju and Becker, 
2001). Cooking has been reported to lower the phytate 
levels in several plant foodstuffs (Badifu, 2001). 
Taghinejad-Roudbaneh, (2010) in a study where canola 
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meal was irradiated using electron beams up to 45 kGy dose 
observed a total disappearance of phytic acid at 30 kGy and 
a reduction of up to 89.66% at 15 kGy irradiation dose. 
Currently there is evidence that dietary phytate at low levels 
may have beneficial effect as an antioxidant, anticarcinogen 
and may likely play an important role in the control of 
hypercholesterolemia and atherosclerosis (Kumar et al., 
2010; Phillippy et al., 2004). 


The high tannin contents of the seed might have been a 
major cause of the astringency observed when tasted in its 
unprocessed form. Tannins 


usually form insoluble 
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complexes with proteins thereby interfering with their 
bioavailability (Enujiugha and Agbede, 2000). Reduction of 
tannins might have resulted in a significant increase in Zinc 
content at 10kGy irradiation dose. 


Rancidity indices of oil from Parkia biglobosa 


The products of rancidity are known to be hazardous to 
health since they are associated with aging, membrane 
damage, heart disease and cancer (Cosgrove et al., 1987). 
The rancidity indices of oil as affected by processing are 
presented in Table 6. 


Table 5: Anti-nutritional factors in raw and treated Parkia biglobosa seeds 


Parameters Raw Cooked 5 kGy Irradiated 10 kGy 10 kGy Irradiated and 
Irradiated cooked 
Oxalate(mg/g) 0.15°+0.02 0.06+°0.13 0.09°+1.04 0.11°+0.18 0.067+0.05 
Phytate(mg/g) 1.25°40.02 1.19°+0.02 1.57°+0.02 1.11°+0.02 0.94°+0.03 
Tannin(mg/g) 0.02°+0.01 0.027+0.01 0.027+0.01 0.02°+0.02 0.02°+0.01 
Phytate-P 0.35>+40.12 0.34°°+0.05 0.44°+0.04 0.31°°+0.01 0.33°+0.26 


*Values are means of triplicate determinations (n=3) + standard deviation. Values along same row with the same letters in 


superscript are not significantly different (p>0.05). 


Table 6: Rancidity indices of the raw and treated seed oil extract 


Parameters Raw Cooked 5 kGy 10 kGy 10 kGy Irradiated and 
Irradiated Irradiated cooked 

Peroxide value (mEq./kg) 0.71°+0.05 0.73°+0.10 0.73°+0.28 0.79°+0.05 0.86°+0.06 

Iodine Value (mg/100g) 140.13°41.80 133.53°42.82  142.48°40.17  144.40°+2.05 122.77°+8.85 

Acid Value (mgNaOH/g) 1.07°+0.03 1.11*°+0.01 1.07°+0.01 1.09°°+0.02 1.14°+0.02 

Saponification Value 176.33°+0.21 184.00°+0.10 —173.33°40.01 180.67"+0.02 186.67°+0.09 

(mgKOH/g) 

Free Fatty Acid 1.31°4+5.51 1.62*°+2.00 1.634+2.08 1.69°+1.15 1.85°+1.53 

(% Oleic acid) 


*Values are means of triplicate determinations (n=3) + standard deviation. Values along same row with the same letters in 


superscript are not significantly different (p=0.05). 


The peroxide value is an indicator of oxidative rancidity. As 
oxidation takes place, the double bonds in the unsaturated 
fatty acids are attacked leading to the formation of 
peroxides. Fresh oils have been shown to have peroxide 
values lower than 10 mg/g and oils become rancid with 
peroxide value ranging from 20 to 40 mg/g (Oyinloye and 
Enujiugha, 2017). The highest peroxide value was observed 
in the oil from the seeds with combined treatments of 
irradiation and cooking. These results are generally in 
agreement with those of Mexis et al. (2009) for gamma 
irradiated almonds where the peroxide values increased 
with dosage. Cooking alone accounted for 3.6% increase in 
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peroxide value of the oil while 5kGy irradiation dose 
resulted in 2.82% increase in the peroxide value. This 
increase conforms to the work of Farag et al. (1992) who 
reported acceleration of cottonseed oil oxidation during 
irradiation heating which as indicated by an increase in 
peroxide value. Increases in peroxide values are expected as 
irradiation produces large amounts of free radicals that 
enhances lipid peroxidation (Sajilata and Singhal, 2006). 


Iodine value is a measure of the unsaturation of fats and oils. 
It is based on the ability of an unsaturated carbon to carbon 
bond to add halogen atoms. Irradiation treatments alone (5 
kGy and 10 kGy) did not significantly affect the iodine 
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value of the resultant oil. However, significant decreases in 
iodine value were observed for the cooked and post- 
irradiated cooked samples (133.53 g Inper 100 g and 122.77 
g Inper 100 g respectively). These were in agreement with 
the reports of Omafuvbe et al., (2004) who observed a 
decrease in iodine value in African Oil Bean seeds as a 
result of cooking. 


The acid value of oils indicates the total acidity as estimated 
by the fatty acids in the sample. The acid value obtained 
from the raw sample (1.07 mgKOH/g) correlates with the 
report of Omafuvbe et al., (2004) for African Locust bean 
seed oil extract. Cooking of African locust bean seeds 
during processing increased acid value significantly (1.11 
mgKOH/g for cooked and 1.14 mgKOH/g for irradiated and 
cooked). 


Saponification value (SV) is a measure of the alkali-reactive 
groups in fats and oils which is useful in predicting the type 
of glycerides in a sample. Glycerides containing short-chain 
fatty acids have higher SV than those with longer chain fatty 
acid. The saponification values of the locust bean seed oils 
as shown in Table 5 ranged from 173.33 mg KOH/g for 5 
kGy irradiated sample to 186.67 mg KOH/g for post- 
irradiated cooked samples. These results conform with the 
ranges reported in literature for vegetable oils: olive oil 
(184-196 mg KOH/g), rapeseed oil (168-181 mg KOH/g), 
sunflower seed oil (188-194 mg KOH/g) and pumpkin seed 
oil (174-197 mg KOH/g) (Nichols and Sanderson, 2003). 
This is an indication that there was formation of short chain 
fatty acid from the breakage in the longer chain length as a 
result of radiolysis. 


IV. CONCLUSION 


Gamma irradiation at doses up to 10 kGy has been shown 
to potentially reduce anti-nutritional factors in African 
locust bean seeds. Combined gamma irradiation and post- 
irradiation cooking however, can be concluded to be viable 
hurdle technique for the treatment of African locust bean 
(Parkia biglobosa) seed as it effectively enhances the 
nutritional component of the oil seed by inactivating anti- 
nutrients and allowing for bioavailability of minerals 
needed for body development. The findings highlight the 
great potentials of low dose gamma irradiation in the 
preservation of neglected and underutilized forest seeds that 
commonly dot the African agro-ecological landscape. 


DATA AVAILABILITY 


The collated data presented in this work is available for 
whatever scientific purpose that is required. 


ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.) 
https://dx.doi.org/10.22161/ijeab.91.16 


Amino Acid Profile and Physicochemical Properties of African Locust Bean (Parkia biglobosa) Seeds 


ETHICAL APPROVAL AND CONSENT TO 
PARTICIPATE 


This work is part of a wider research which was approved 
by the Ethics Committee of the School of Agriculture and 
Agricultural Technology, Federal University of Technology 
with assigned number FUTA/SAAT/ETH/201 1/14 


REFERENCES 


[1] Adebowale, K. O., and Lawal, O. S. (2004). Comparative 
study of the functional properties of bambara groundnut 
(Voandzeia subterranean), jack bean (Canavlia ensiformis) 
and mucuna bean (Mucuna pruriens) flours. Food Research 
International, 37, 355-365. 

[2] Adeyeye, E. I., Akinyeye, R. O., Ogunlade, I., Olaofe, O. and 
Boluwade, J. O. (2010). Effect of farm and industrial 
processing on the amino acid profile of cocoa beans. Food 
Chemistry, 118, 357-363. 

[3] Albihn, P. B. E. and Savage, C. P., (2001). The effect of 
cooking on the location and concentration of oxalate in three 
cultivars of New Zealand-grown oca (Oxalis tuberosa Mol). 
Journal of the Science of Food and Agriculture, 81, 1027- 
1033. 

[4] Al-Bachir, M., (2004). Effect of gamma irradiation on fungal 
load, chemical and sensory characteristics of walnut (Junglas 
regia L.). Journal of Stored Product Research, 40, 355-362. 

[5] Andrews, F. W., (1956). The flowering plants of Anglo- 
Egyptian Sudan, Sudan Government, 11. 

[6] Andersen, P.C., Hill, K., Gorbet, D.W. and Brodbeck, B.V. 
(1998). Fatty Acid and Amino Acid Profiles of Selected 
Peanut Cultivars and Breeding Lines. Journal of Food 
Composition and Analysis, 11, 100-111 

[7] AOAC (2012). Official Methods of Analysis, 18" Ed. 
Association of Official Analytical Chemists, Washington 
DC. 

[8] Attia, R. S., El-Tabey Shehata, M. A., Aman, M. E. and 
Hamza, M. A. (1994). Effect of cooking and decortication on 
the physical properties, chemical composition and nutritive 
value of chickpea (C. arietinum, L.). Food Chemistry 50, 
125-131. 

[9] Bamidele, O. (2015): Effect of gamma irradiation on Amino 
acid profile, minerals and some vitamins content in Pigeon 
pea (Cajanus cajan) flour. British Journal of Applied Science 
and Technology, 5(1), 90-98. 

[10] Bhat, R. and Sridhar, K. R. (2008). Nutritional quality 
evaluation of electron beam-irradiated lotus (Nelumbo 
nucifera) seeds. Food Chemistry 107, 174-184. 

[11] Chai W, Liebman M. Effect of different cooking methods on 
vegetable oxalate content. J Agric Food Chem. 2005 Apr 
20;53(8):3027-30. doi: 10.1021/jf048128d. PMID: 
15826055. 

[12] Cheftel, J. C., Cuq, J. L. and Lorient, D. (1985). In O. R. 
Fennema (Ed), Food chemistry (2™ ed., pp. 245-369). New 
York: MarcelDekker. 

[13] Coffman, C. N. and Garcia, V. A. (1977). Functional 
properties of protein isolate from mung bean flour. Journal of 
Food Science, 12, 473-478. 


161 


Asunni et al. 
as affected by Combined Irradiation and Cooking 


[14] Conference and Workshop (1980). Conference and 
Workshop on “Protein Quality in Humans: Assessment and 
In-Vitro Estimation”, March 23-26, 1980. Virginia: Airhie. 

[15] Cosgrove, J. P., Church, D. F., and Pryor, W. A. (1987). The 
kinetics of the autoxidation of polyunsaturated fatty acids. 
Lipids, 22, 299-304. 

[16] Enujiugha, V. N. (2000). Development of a new food paste 
from seeds of Pentaclethra species. Applied Tropical 
Agriculture, 5(2), 89-94. 

[17] Enujiugha, V.N. (2005). Quality dynamics in the processing 
of underutilized legumes and oilseeds. In: Crops: Growth, 
Quality and Biotechnology (R. Dris, ed.), WFL Publisher, 
Helsinki, Finland, pp. 732-746. 

[18] Enujiugha V. N. (2009) Major fermentative organisms in 
some Nigerian soup condiments. Pakistan Journal of 
Nutrition, 8(3), 270-283. 

[19] Enujiugha, V. N. (2020). Biotechnology for healthy nutrition 
and productive lifestyle. Inaugural lecture series 120. The 
Federal University of Technology, Akure, Nigeria, 90. 

[20] Enujiugha V. N., Oguntoyinbo O. O., Adesina O. A., 
Olowolafe M. O. and Adekanmbi F. S. (2023a). Variations in 
Chemical Composition, Functional Properties and Oil 
Quality of Groundnut (Arachis Hypogaea) as Influenced by 
Medium Dose Gamma Irradiation using Cobalt-60 Source. 
IPS Journal of Nutrition and Food Science, 2(2), 63-72. 
https://doi.org/10.54117/ijnfs.v2i2.30 

[21] Enujiugha V. N., Adeyemo M. B. and Adisa A. M. (2023b) 
Nutritional and safety implications of consuming melon 
seeds and impacts on international trade: A review. Food and 
Humanity, 1, 241-249. 
https://doi.org/10.1016/j.foohum.2023.05.020 

[22] Enujiugha, V. N. and Agbede, J. O. (2000). Nutritional and 
antinutritional characteristics of African oil bean 
(Pentaclethra macrophylla) seeds. Applied Tropical 
Agriculture, 5, 11-14. 

[23] Enujiugha, V. N. and Ayodele-Oni, O. (2003). Evaluation of 
nutrients and some anti-nutrients in lesser-known under- 
utilised oilseeds. International Journal of Food Science and 
Technology, 38, 525-528. 

[24] Enujiugha V. N., Iyiola S. O., Oluwamukomi M. O., 
Gbadamosi S. O. and Lalude L. O. (2006) Sorption isotherms 
of some Nigerian dry condiment powders. Journal of Food 
Technology, 4(1), 242-248. 

[25] Enujiugha, V.N., Olotu, I.O., Malomo, S.A., and Sanni, T.A. 
(2012). The effect of y-irradiation and cooking on the 
physicochemical properties of African oil bean seed 
(Pentaclethra macrophylla Benth) and its oil extract. Journal 
of Food Research, 1(2), 189-201. 

[26] Enujiugha, V. N. and Olagundoye, T. V. (2001). Comparative 
nutritional characteristics of raw, fermented and roasted 
African oil bean (Pentaclethra macrophylla Benth) seeds. 
Rivista Italiana delle Sostanze Grasse, 78(4), 247-250. 

[27] Fagbemi, S. A., Rotifa, O. J., Adesina, O. A., Ojo, O. D., and 
Enujiugha, V. N. (2023). Microbial Density and Diversity 
and Lead Loads in Selected Street-Hawked Foods in Akure 
Metropolis, Nigeria. IPS Journal of Public Health, 3(2), 13— 
78. https://doi.org/10.54117/ijph.v3i2.22. 


ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.) 
https://dx.doi.org/10.22161/ijeab.91.16 


Amino Acid Profile and Physicochemical Properties of African Locust Bean (Parkia biglobosa) Seeds 


[28] Fan, X., Niemira, B. A. and Sokorai, K. J. B. (2003). 
Sensorial, nutritional and microbiological quality of fresh 
cilantro leaves as influenced by ionizing radiation and 
storage. Food Research International 36,713-719. 

[29] Farag, R. S., Hewedi, F. M., Abu-Raiia, S. H. and Elbaroty, 
G. S. (1992). Comparative study on the deterioration of oils 
by microwave and conventional heating. Journal of Food 
Protection 55,513-519. 

[30] Friedman, M. (1996). Nutritional value of protein from 
different food sources. Journal of Agriculture and Food 
Chemistry, 44 (1), 6-29. 

[31] Frossard, E. M., Bucher, F., Mozafar, A. and Hurell, A. 
(2000). Potential for increasing the content and 
bioavailability of Fe, Zn and Ca in palnts for human nutrition. 
Journal of Science and Food Agriculture 80, 867-879. 

[32] Gernah, D. I., Atolagbe, M. O. and Echegwo, C. C. (2007). 
Nutritional composition of the African locust bean (Parkia 
biglobosa) fruit pulp. Nigerian Food journal 25, 1. 

[33] Golge, E. and Ova, G. (2008). The effects of food irradiation 
on quality of pine nut kernels. Radiation Physics and 
Chemistry 77, 365-369. 

[34] Ige, M. M., Ogusua, A. O. and Oke, O. L. (1984). Functional 
Properties of the Proteins of some Nigerian Oilseeds, 
Conophor Seeds and Three Varieties of Melon Seeds. 
Journal of Agriculture and Food Chemistry 32, 822-825. 

[35] Igwe, C.U., Ojiako, O.A., Anugweje, K.C., Nwaogu, L.A. 
and Ujowundu, C.O. (2012). Amino acid profile of raw and 
locally processed seeds of Prosopis africana and Ricinus 
communis: potential antidotes to protein mal-nutrition. 
Functional Foods in Health and Disease, 2(4):107-119 

[36] Ihekoronye, A. I. and Ngoddy, P. O. (1985). Integrated Food 
Science and Technology for the Tropics. Macmillian 
publishers, London, pp. 17-18, 45, 53, 64, 66. 

[37] Karr-Lilienthal, L. K., Grieshop, C. M., Merchen, N. R., 
Mahan, D.C. and Fahey, G. C. Jr. (2004). Chemical 
composition and protein quality comparisons of soybeans and 
soybean Meals from five leading Soybean-Producing 
Countries. J. Agric. Food Chemistry 52, 6193-6199. 

[38] Khattab, R.Y., Arntfield, S.D. and Nyachoti, C.M. (2009). 
Nutritional quality of legume seeds as affected by some 
physical treatments, Part 1: Protein quality evaluation. LWT 
— Food Science and Technology, 42(6): 1107-1112. 

[39] Kigel, J. (1999). Culinary and nutritional quality of Phaseolus 
vulgaris seeds as affected by environmental factors. 
Biotechnology Agron. Soc. Environ., 3(4), 204-209. 

[40] Kumar, V., Rani, A., Solanki, S. and Hussain, S.M. (2006). 
Influence of growing environment on the biochemical 
composition and physical characteristics of soybean seeds. J. 
Food compos. Anal., 19, 188-195. 

[41] Kumar, V., Sinha, A. K., Makkar, H. P. S. and Beckker, K. 
(2010). Dietary role of phytate and phytase in human 
nutrition. A review; Food Chemistry120, 945-959. 

[42] Lim, Y. H., Hamdy, M. K. and Toledo, R. T. (2003). 
Combined effect of ionizing-irradiation and different 
environments on clostridium botulinum type E spores. 
International Journal of Food Microbiology, 89, 251-263. 

[43] Lin, M. J. Y., Humbert, E. S. and Sosulki, F. W. (1974). 
Journal of Food Science 39, 368-370. 


162 


Asunni et al. 
as affected by Combined Irradiation and Cooking 


[44] Mexis, S., Badeka, A., Chouliara, E., Riganakos, K. and 
Kontominas, M. G. (2009). Effect of g-irradiation on the 
physicochemical and sensory properties of raw unpeeled 
almond kernels (Prunus dulcis). Innovative Food Science and 
Emerging Technologies 1, 87-90. 

[45] Mollins, R. A. (Ed). (2002). Food irradiation principles and 
applications. New York: Wiley-Interscience. 

[46] Muller, H.E. and Tobin, G. 1980. Nutrition and Food 
Processing, pp. 35-38, Crown Helm Press, London, U.K. 

[47] Nichols, D. S. and Sanderson,K. (2003). The nomenclature, 
structure and properties of food lipids. In Sikomski and 
Kolakowska (Eds.), Chemical and functional properties of 
food lipids, 29-59. 

[48] Nikolopoulou, D., Grigorakis, K., Stasini, M., Alexis, M. and 
Tliadis, K. (2006). Effects of cultivation area and year on 
proximate composition and antinutrients in three different 
Kabuli-type chickpea (Cicer arientinum). Eur. Food Res. 
Technol., 223, 737-741. 

[49] Nikolopoulou, D., Grigorakis, K., Stasini, M., Alexis, M. and 
Iliadis, K. (2007). Differences in chemical composition of 
field pea (Pisum sativum) cultivars: Effects of cultivation area 
and year. Food Chemistry 103(3), 847-852. 

[50] Noonan, S. C. and Savage, G. P. (1999). Oxalic acid and its 
effects on humans. Asia Pacific Journal of Clinical Nutrition 
8, 64-74. 

[51] Oguntimehin, M. O., Fagbemi, S. A., Ojo, O. D., Adisa, A. 
M., Rotifa, O. J., and Enujiugha, V. N. (2023). Response of 
Bacillus subtilis to salt and acid stresses and the optimal 
effect on fermentation of locust bean (Parkia biglobosa) 
seeds into Iru (a soup condiment). IPS Journal of Applied 
Microbiology and Biotechnology, 2(1), 20-28. 
https://doi.org/10.54117/ijamb.v2i1.8 

[52] Ojiako, A. O., Anugweje, K., Igwe, C. U. and Alisi, C. S 
(2012). Evaluation of the amino acid profile and haemoglobin 
polymerization inhibition potential of some Nigerian 
legumes. British Journal of Pharmaceutical Research, 2(2): 
80-88. 

[53] Oladunmoye, M. K. (2006). Effect of natural and controlled 
fermentation using Saccharomyces cerevisae as starter 
culture to enhance the Nutritional Qualities of Locust Beans 
(Parkia biglobosa). Journal of Food Technol., 4(4), 354-356. 

[54] Olaofe, O., Adeyemi, F.O. and Adediran, G.O.(1994). Amino 
acid and mineral compositions and functional properties of 
some oil seeds. Journal of Agriculture and Food Chemistry, 
42: 878-881. 

[55] Olotu, I.O., Enujiugha, V.N., Obadina, A.O., and Owolabi, 
K. (2014a). Fatty acid profile of gamma-irradiated and 
cooked African oil bean seed (Pentaclethra macrophylla 
Benth). Food Science and Nutrition, 2(6), 786-791. 

[56] Olotu, I.O., Enujiugha, V.N., and Obadina, A.O. (2014b). 
The Effect of y-Irradiation and Cooking on the Amino Acid 
Profile of African Oil Bean Seed (Pentaclethra macrophylla 
Benth). Journal of Food Processing and Preservation, 38, 
2020-2026. 

[57] Omafuvbe B. O., Olumuyiwa, S., Falade, A., Osuntogun, and 
Steve, R. A. (2004). Chemical and Biochemical changes in 
African Locust Bean (Parkia biglobosa) and Melon 


ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.) 
https://dx.doi.org/10.22161/ijeab.91.16 


Amino Acid Profile and Physicochemical Properties of African Locust Bean (Parkia biglobosa) Seeds 


(Citrullus vulgaris) Seeds during Fermentation to 
Condiments. Pakistan Journal of Nutrition 3(3), 140-145. 

[58] Oupadissakoon, C., Young, C. T., and Mozingo, R. W. 
(1980). Evaluation of free amino acid and free sugar contents 
in five lines of Virginia-type peanuts in four locations. Peanut 
Science, 7, 55—60. 

[59] Oyedokun, J., Badejo, A.A., and Enujiugha, V.N. (2016). 
Biochemical changes associated with poly- y -glutamic acid 
synthesis during spontaneous and Bacillus subtilis 
fermentation of Parkia biglobosa seed into iru. Advances in 
Food Sciences, 38(3), 117-124. 

[60] Oyedokun, J., Badejo, A. A., Oluwayomi, S. F., and 
Enujiugha, V. N. (2020). Synthesis of poly-y-glutamic acid 
during fermentation of African locust bean (Parkia 
biglobosa). Applied Tropical Agriculture, 25(2), 74-78. 

[61] Oyinloye, A.M., and Enujiugha, V.N. (2017). Evaluation of 
the suitability of Tetracarpidium conophorum, Pentaclethra 
macrophylla and Citrullus vulgaris seed oils for some fried 
products. La Rivista Italiana delle Sostanze Grasse, 94, 117- 
124. 

[62] Oyinloye A. M., Enujiugha V. N. and Owolabi O. M. (2023). 
Effect of gamma irradiation and cooking on the physico- 
chemical properties, nutrients, and anti-nutrients 
compositions of egusi melon (Citrullus vulgaris) seeds. La 
Rivista Italiana delle Sostanze Grasse, 100, 263-269. 

[63] Pancholy, S. K., Despande, A. S., and Krall, S. (1978). Amino 
acids, oil and protein content of some selected peanut 
cultivars. Proc. Am. Peanut Res. Educ. Assoc. 10, 30-37. 

[64] Pearson, D.A. (1976). Chemical analysis of Foods 
(7edition). Churchill Living stone, Edinburgh, pp. 20-21, 
422-511. 

[65] Price, M. L., Scoyoc, S. V. and Butler, L. G. (1978). A critical 
observation of the vanillin reaction as an assay for tannin in 
sorghum grain. Journal of Agriculture and Food Chemistry 
26 1214-1218. 

[66] Prinyawiwatkul, W., Beuchat, L. R., McWatters, K. H. and 
Phillips, R. D. (1997). Functional characteristics of cowpea 
(Vigna unguiculata) flour as affected by soaking, boiling and 
fungal fermentation before milling. Food Chemistry, 58, 361- 
372. 

[67] Rao, P. U. (1994). Nutrient composition of some less familiar 
oil seeds. Food Chemistry, 50,379-382. 

[68] Reddy, N. R., Sathe, S.K. and Salunkhe, D. K. (1982). 
Phytates in legumes and cereals. Advances in Food Research, 
28, 1-9. 

[69] Reyden, P. and Selvendran, R. R. (1993). Phytic acid: 
properties and determination. In: Macrae, R., Robinson, R. K. 
and Sadler, M. J. Editors, Encyclopaedia of Food Science, 
Food technology and nutrition, Academic press, London, pp, 
3582-3587. 

[70] Rahman, E. H. and Mustafa, M. M. (1988). Functional 
properties of peanut flour as affected by different heat 
treatments. Journal of Food Science and Technology, 25, 11- 
25. 

[71] Saikia, P., Sarkar, C. R. and Borua, I. (1999). Chemical 
composition, antinutritional factors and effect of cooking on 
nutritional quality of rice bean (Virgna umbellate). Journal of 
Food Chemistry 67, 347-352. 


163 


Asunni et al. 
as affected by Combined Irradiation and Cooking 


[72] Sajilata, M. and Singhal, R. (2006). Radiation Physics and 
Chemistry 75, 297-300. 

[73] Shellie, K. C. and Hosfield, G. L. (1991). Genotype and 
Environmental effects on food quality of common bean: 
resource efficient testing procedures. J. Am. Soc. Hort. Sci., 
116, 732-736. 

[74] Siddhuraju, P., Makkar, H. P. S. and Becker, K. (2002). The 
effect of ionizing radiation on antinutritional factors and 
nutritional value of plant materials with reference to human 
and animal food. Food Chemistry 78, 187-205. 

[75] Singh, D. K., Rao, A. S, Singh, R. and Jambunathan, R. 
(1988). Amino acid composition of storage protein of a 
promising chickpea (Cier arientinum, L.). Journal of the 
science of Food and Agriculture 43, 373-379. 

[76] Singh, H., Lacroix, M. and Gagnon, M. (1991). Post- 
irradiation chemical analysis of poultry. Literature review 
done for Health and Welfare Canada. 

[77] Singh, U. (1985). Nutritional quality of chickpea (Cier 
arientinum). Current status and future research needs. Plant 
Foods for Human Nutrition, 35, 339-351. 

[78] Sosulski, F. M., Humbert, E. S., Bui, K. and Jones, J. D. 
(1976). Functional properties of rapeseed flour, concentrates 
and isolates. Journal of Food Science, 41, 1349-1353. 

[79] Taghinejad-Roudbaneh, M., Ebrahimi, S. R. Azizi and 
Shawrang, S. P. (2010). Effects of eletron beam irradiation on 
chemical composition, antinutritional factors, ruminal 
degradation and In-vitro protein digestibility of canola meal. 
Radiation Physics and Chemistry, 79, 1264-1269. 

[80] Talabi, J.Y., and Enujiugha, V.N. (2014). Physical and 
chemical evaluation of oils from selected underutilized 
oilseeds. Der Chemica Sinica, 5(6), 9-12. 

[81] Talabi, J.Y., Oguntoyinbo, O.O. and Enujiugha, V.N. (2023). 
Serum lipid profile and organ histology of albino rats fed on 
conophor (Tetracarpidium conophorum) nut oil-based diets. 
IPS Journal of Nutrition and Food Science, 2(1), 9-12. DOI: 
https:/doi.org/10.541 17/ijnfs.v2i1.18 

[82] Uthman, R., Toma, R., Garcia, R., Medora, N., and 
Cunningham, S. (1999). Lipid analyses of fumigated vs 
irradiated raw and roasted almonds. Journal of the Science of 
Food and Agriculture, 78, 261-266. 

[83] Vijayakumari, K., Siddhuraju, P. and Janardhanan, K. (1997). 
Effect of domestic processing on the levels of certain 
antinutrients in Prosopis Chilensis (Molina) Stunz. Seeds. 
Food Chemistry, 59(3), 367-371. 

[84] Vollman, J., Fritz, C. N., Wagentristl, H. and Ruckenbauer, 
P. (2000). Environmental and genetic variation of soybean 
seed protein content under Central European growing 
conditions. J. Sci. Food Agriculture 80, 1300-1306. 

[85] Wanasundera, J. P. D. and Ravindran, G. (1992). Effects of 
cooking on the nutrients and antinutrients contents of yam 
tubers (Dioscorea alata and Dioscorea esculenta). Food 
Chemistry, 45, 247-250. 

[86] WHO (1988). Food irradiation- a technique for preserving 
and improving the safety of food. Geneva, Switzerland: 
World Health Organization. 

[87] WHO (1981). Wholesomeness of irradiated food. Report of 
Joint FAO/IAEA/WHO Expert Committee. Technical Report 
Series, 659, pp. 34. 


ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.) 
https://dx.doi.org/10.22161/ijeab.91.16 


Amino Acid Profile and Physicochemical Properties of African Locust Bean (Parkia biglobosa) Seeds 


[88] Wilson-Kakashita, G., Gerdes, D. and Hall, W. (1995). The 
effect of gamma irradiation on the quality of English Walnuts 
(Junglans regia). Lebensmittel 
Technologie, 28, 17-20. 

[89] Young, C. T. (1979). Amino acid composition of peanut 


Wissenschaft und 


(Arachis hypogaea L.) samples from the 1973 and 1974 
uniform peanut performance tests. Proc. Am. Peanut Res. 
Educ. Assoc. 11, 2442. 

[90] Young, C. T., Waller, G. R., and Hammons, R. O. (1973). 
Variations in total amino acid content of peanut meal. J. Am. 
Soc. Oil Chem. 50, 521-523. 


164 


